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HEADQUARTERS
QUARTERMASTER RESEARCH & ENGINEERING COMMAND, US AM
. ) OFFICE OF THE COMMANDING GENERAL

NATICK, MASSACHUSETYTS

Major General Andrew T. McNamars
The Quartermaster General
Washington 25, D. C.

- o

Dear Gensral McNasara:

This report, "Evaluation of Army Combat Packs by Measuring lmrg ’ ‘

Costs and Speed of Movement,"™ is a continuation of the load-carrying ot
neries, Since it requires snergy to transport weight, and weight is
distributed over the body in a differet way with each load-carrying s
system, it is juportant for pack designers to know whether the work {1

4involved carrying a load is influenced by the design of the load-
carrying system,

In this study, energy expenditures were detemined for standard
and expsrimsntal load-carrying systems. With the technique used, mo
outstanding differences were demonstrated for equal loads carried with et
the several load-carrying systems. Differences in the stabdility of the R
packs were observed, but these differences did not influence the energy e
cost of doing the tasks. -

Sincerely yours,
1 Incl g G. CALLOWAY ; -
. EP-T1 Brigadier General, USA N
Comemnding
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Objective methods that will clearly distinguish differences batween
sixilar types of load-carrying systems are difficalt w develop, In this
study, detarmination of the eergy cost of "typical® xilitary activities
w3 assessed whiis the subjects caoried the sawe load with different load-
earrying systems, Conventimtal methods to deteiwine emergy expenditurs
were modifled cousiderzoly to acoomplish this. In addition to the data
on the energy cost of the tasks, certain practical edeervations on equip-
mant-induced interferance with dody movemsnts were noted,

ATSTIN FRNSCHEL, Fh.D.
Claf
Ravircemantal Protection Research Division

Approveds .
JAMES C, FRAIFORD, Colomal, QX '

Camanding Officer
QM R and ¥ Center Laboratocies

A, STUART KINTER, Ph.D,
Scientific Director
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[ )

T S S S e s o ot o o Vit Gt} I AR o it

-

.- [N ~ ——




- - ° .
Y TR — . . - e e eemenres oo = — fe _
Contents
Page
Abstract iv
1. Introductiom 1 . -
2, Materials and Methods p § A SRR
3. Results 7 .
k. Discussion 8 i
S¢ Smmary 13
6. Conclusions . 14
7. Recomxendations p Y t“. N '".' :
8. Acinovledgments p7 A L
9. References . b7 e
f e e
. : e
. ® ®
® ®
® ®

40 W St S A S —




........

o ®
e s
Abetract :
) The energy cost and speed of exscuting six performance tests o
were used as criteria for evaluating the U, S, Standard, U, S, Ex- o

perimental,and British Experimentsl cambat packs. A subjective rat-
ing besed on comfort axd Jreedam from interference with movemsuts ¢ o
m -

Less energy was expended whan activities were performed without -
ck than with a pack, Nearly all tests werw performed faster with- o ]
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EVALZTION OF ARMY COMBAT PACKS BY MEASURING ENERGY COSTS
AND SPEED OF MOVEMENTS

10 Introdaction

a, Tost of the plysiological studies related to pack carrying,
whether in the laberatory, °ﬁ ﬁn t% field, have been devoted primarily
to marching or walking.2»3sls (59510 Howsver, walking or marching, im-
portant 2= they may be, do not constitute the only type of locomotion
used by the foot soldier during au actual combat situaticn., Ths scl-
dier may need to creep, roll, climb, jwmp, run, and *hit the dirt®,
This he msy do either slowly or at maximm speed. His survival may de-
pend on his speed of movemsat,

b. Saily and McDermottl suggested that studies be conducted out-
side of the laboratory under conditions agproudzing those of combat., A
similar need was pointed out by Renbourn, :

c, tal studies of various combat packs were reportad by
Hunter and Txrl,® and by Hale and Karpovich,5 The latter authors devel-
oped a battery of lests for the evaluation of the merits of different
packs. These tests included: running, creeping, rolling, jumping, climb-
ing, hand-grenade throwing, falling, getting up, changing direction, agil-
ity, and balance., Hand-grenade throwing was Judged cn accuracy, and jump-
ing on distance, The Burpee test was used to measure agility, and a mod-
ified Bass Dynamic balance test was useuy for balance., The criterion for
scoring the remaining tests was time of performance. No determination of
the energy cost was made,

d, As far as the present investigators have been able to ascertainm,
1o sclentific studies have been made to determine the expenditure of en-
ergy vhile carrying a pack during the types of activities used by Hale and
Karpovich, .

For this reason 7 tests were taken from their study, and, after
some modifications, combined into 6 tests. The falling ("hitting the dirt®)
and getting wp from the ground, which were 2 separate tests; were combined
into 1 test. In rolling, the number ¢f twns was increased from 3 to S.
Descending the ladder was added to climbing, The standing troad jump was
changed into 6 consecutive S-foot jups. Rumning, and creeping (ITI)* were
retained unchanged.

e. The purpose of this study was to determine whether the energy
cost and tha time of performance of these selected tests with 3 different
packs could be used as an objective basis for the evaluatlion of packs.

2, DYaterlals and Methods
a. Yaterials

(1) Subjects. The test subjents were 10 male Springfield Col- .
lege students, years of age, Gi-3/L to 76-1/L inches in height,

¥HaTe anc sarpovich had two tests of creeping, numbers I and II.
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and 1254 to 210 pounds in weight (Table I). They wore the regulation
U.S. Ammy wool combat wniform, with fleld jacket,

(2) Packa, The three types of combat packs used in thds study
were: (1) U,S. Standard pack,* (2) U.S. Experimental pack 753-8,* and
(3) British Exmerimental pack UK-22, Bach pack weighed 27 pounds; the
manner in which sach was carried is {llustrated in Figures 1, 2, and 3.

(3) Location. 411 tests were conducted in the Springfield
College Field House, which has a packed dirt floor.

b. Msthods -

(1) 3 of locomotion. The types of locomotion included -
in this study were: (1) running, (2) jumping, (3) falling-and-getting-
up, (4) creeping, (5) rolling, and (6) climbing.

(2) Deacription of tests.

Running (25 yerds). Subject started from the standing
position and sprinted with maximus speed for 25 yards. At the end of ®
the 25-yard mm a "pull up" of 15 yards was sllowed. The time of the
25-yard run was recorded,

Palling-and-getting-up (4 times). Subject stood with the
feet slightly apart iFigure La). He dropped to his knees, and at the
same time slid his right hand to the heel of his rifle (Pigure 4b). He
then fell forward, breaking his fall with the butt of the rifle (Figure
4e). After landing on his elbow and forearm, he came into firing posi-
tion (Pigure 4d). Then he drew his ams inward, and with one movezent
raised the body by straightening his arms, and s to his feet, coming
into the starting (standing) position (Figure 4a). The total time of
four complste cycles of down-and-up movements was recorded.

Standing broad fump (6 consecutive 5-foot jwps). A dis-
tance of 30 feet was divided into 6 sections by parallel cross lines.
Subject stood with his toes at the take-off line, He made a series of
6 consecutive 5-foot jumps forward (Figure 5). The total time of exscue

ting 6 juaps was recorded,

Y i N +

N T e 4 s
Jioa LA,
- .
a .
PR

*The U. S, Standard pack referred to in this report was standard mtil
31 July 1957. The new standard pack i{s similar to the ons referred to
in this report as U, S, Experimental pack T53-8.




TAHE Is Age, Height, Weight, and Body Surface of Sebjects :
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Figure A. Falling and getting wp

. J

.
» - qu . ¥ .
> - - .‘ -
.- 1t
. o . 7
o
L. - A" e Y

-
o
o

o .
-~ Y.

- . - — -
. .,
. d .
.
. -
- - - -
- D =
- m - Am e — - e e ——a * . .
-~ -
- -,

»
ron
“«
.
e
.
arvans
=
o« =




R gl T (KT W T ETLY TLAT AT AT e T e T e
SNSRI AR N AR AR N A N A
rﬂ,.‘_-u.r.u..'. - e N Ha N :

oy . e
23 I
. ;o )
= pC

T RGmag M
A

¥

B
3
.

,i!

]
-
"

-
B

"‘j
L

[y
s

*
.

bt SR

Ly o

.,
»

-

1

veir
.

e et

AR AY)

B
B
PR S e )

K

»

Fataorb edr

Y
&

*

- S ——— P aputu

e ?'~. .,

p
“

- E
: e .
.
i « " .
a
?
) .
N -
e
it ‘
] -
{ .
-,
t 1 - .
. g
' oLt
Y

-
e




Pigure S. Standing Broad Jump "Plgure 6. Climbing

Creeping (10 yards). Subject started from the prone posi-
tion vith tha rifle cradled in the crooks of the elbows. He rested the
weight of the body on his forearms, elbows, and lower legs, keeping the
rest of the body off the ground. He moved forward by usirg his elbows
and legs. The left elbow was advanced at the same tine as the right
inee. The time of eresping 10 yards was recorded.

Rolling sidewisd (5 times), Subject lay in the prone
poaition, with the rifle held with both hands under the body. Subject
could choose to roll to the right or left. The total time of five rolls

was ricorded, R

Climbing (12} feet), Subject stood at the base of s
vertical laddsr. ke climbed, stepping with each foot on alternate rngs
of the ladder (Mgure 6). Upon reaching the 124 foot mark, he stood
with both feet on this rung and then descended the ladder until botk
foet reachad the ground. During the climb the subject grasped the
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rungs with his handa, The distance between rungs was 1 foot; from the
ground to the firat rung it was 1.5 fest. The time of climbing, de-
scending, and the total time were recorded, The rifle was not carried

in this test,

(3) Testing procedure

Bach test was administered 4 times: once without a pack
and once with each of the 3 different packs. To control the effect of
learning and training, the order of these tests was rotated. Ihe subjects
wers requested to execute each test as rapidly as possible, and tining was

done with stopwatches.

Prior to the testing, subjects were given instructions and
test practice, and also were familiarized with breathing into Doczlas bags.
The subject rested for 30 minutes in a relaxed sitting position on a chair,
At the conclusion of this period, the expired air was collected for 10 min-
utes in a 200-liter Douglas bag to determine the resting mstabolism,

After the Douglas bag was discomnected, the subject took the starting po-
sition for the test, and when the pack was used,-it was placed on the s:b-
Ject's back by a tester. On the command "get set®™ the subject took a mod-
erately deep breath., This breath was held throughout the test. Immedi-
ately after the test the subject sat again on a chair placed at the point
where he finished the test. The expired air was collected ir amother Doug-

1las bag during a 10-mirmte recovery period.

The air samples were collected in 50cc, syringes and were
analyzed in duplicate with the Scholander gas analyzer for oxyzea and car-
ben dioxide content,

The energy cost of the tests was expressed in net figures

(gross oxygen used minus the resting cxygen consumption). It was also ex-
pressed as the ratio of cc. of oxygen used to the subject's body surfzce

area,

(4) Subjective rating

The subjects were requested to rate the degree of discoma
fort and the amount of interference of each pack with the psrformance of
the test, The range of ratinz vas from one to threes in order of ircreas-

ing interference or discomfort.

a. Energy expenditure

As cculd be expected, in each of the six tests the least amount
of energy was used when tests were performed without a pack. This differ-
ence in the ensrgy expenditure bstween the tests with a pack ard the tests
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without a pack was stitistically significant (see Table IT).

On the other hand, when the mounts of energy used in each test
vithachnfﬂnfhreopmmeugnod,nommw
difference was observed (see Table II),

b Performance time e

The expectation that performsnce time without a pack wonld be
less than with a pack was troe except i the following:

(1) Falling-and-getting-up was performed as rapidly whils cxrry-
irg the U, S, Experimental pack or the British Experimental pack as when
no pack was carried, .

s (2) Climbing was performed as rapidly while carrying the Brit-
ish Experimental pack as when no pack was carrisd, There was, however,
a trend (t=1,73) toward & faster performance without the pack,

(3) Descending was performed as rapidly with any of the thres
packs as without a pack,

(L) Climbing and descending as a unit was perforxed as rapid-
ly with any of the three packs as without & pack,

There was no statistically significant difference between the
times for eacl tost with each of the three packs as shown in Table IXI,

¢, Subjective ratinz of packs .

Accarding to subjective rating of pscks, based on comfart and
interferencs of movements, the U, S. Standard pack was rated the best and
the U, S, Experimental pack rated a close second,

The U. S. Standard pack ws preferred to the other two packs °
in creepirg, falling-end-getting-up, and climbing; while in rurming it .
recoived the same rating as the U, S, Experimental pack, For such aoc-
tivities as rolling and jumping, the U, S, Experimental pack was rated
the dest, .

Lk, Discussion
% The mmber of subjects in this study was limited to ten.

n-
though for statistical analysis a larger number of subjects would be de-
sirzble, a larger series was not practicable,

b, Thare wvas no statistically significant difference between the

tiree packs when the energy consuxption or ths time required for tests
was compered, This observation may be interpreted as an indication that

PR mBrte ee e S e b el avert -




rmni,mmsouormaosramsnrmnmmnm e
THEES DIFFERENT PACKS (cc. of oxygen pet 9. weter of body surface) e e
o US US Brit o US US Brit e
Pack Stan Rxp _ Exp Pack___Stan
RUNNING JUMPING
Yo D 199 -165 -1 209 216 -207 s o
Pack t 2.62% 1.88% 2.55% 2. 1% 2.88f 2,80% R
Us D 3N X2 ~7 2
» Stan ¢ 45 55 .08 .02
Us ] 46 9 . ‘
{ ' Exp t .55 A1 s o
i Means g 10,0 1006 1052 512 724 128 79
S| 62 B 62 55 N 6 59 58
i. s 186 131 185 166 Wl 18 17T 175
i FALLING=snd~GETTING-UP CREEPING "y .
3 Yo D] -225 -198 -2h2 329 =359 -39 P
Pack ¢ 2.5% 2,30 2.8%4 3.39¢ 3.45¢ 3.4
‘ s D 21 -7 -30 =50
b Stan t 2 A 28 A7 L
9 ) Ty 20 R
;‘ m ‘“ .m
- Koans o1 1126 1099 L3 1063 1332 U2 UM e
SBM 63 8 60 55 65 T @ 18 S
SD 188 173 1 166 196 26 27 233 ORISR
- . »e, ». - -
D Difference between means in cc. e
" t: t-ratio Lo .
® Statistically significant st .05 level of confidence (winimm’ T
t-ratio at this level is 1.83). o
§ Statistically significant at .01 Jevel of confidence {minimum e ]

e

et T s
L J
@

t-ratio at this levsel is 2.82).

A positive difference indicates that the energy cost for an
jten listed on the left is greater than the energy cost for an
iten listed st the top.
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. ) tz t-ratio
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t-ratio at this level is 1,83)

t-ratio gt this level is 2,82)

item listed at the top.

investigation.

i &

D:. Ditfmbatnenminco.

1T

non-parametric techniques are available,

g TARE IT (cont.) =
Yo 15 W Bt o T B Brit
E Pack Stan Exp Exp Pack St Exp Exp
\ ROLLING CLINBING
- ) %o D <180 -188 -179 v . -228 <246 =310
3 Pack t 2, 2.97F 2,59% © LGP 3.51F bL.ho#
3 ® D 4 1 o 18 82
k Stan ¢ 12 0 .027 102"
- ‘ W D 9 " -&
f {“ Bp ¢ J1 .85
: Feans 50 T T8 T 69 921 ShS 1009
SEM U 3 5 & 30 W 53 5
sD 129 163 1 89 120 150 160

sumwd@umnt.osmormm(nn—
# Statistically signifioant at .01 level of oonfidence (miniwam

A positive difference :um.ut;a that the emergy cost for an
item listed on the left is greater than the energy cost for an

NOTE: The conventional t analysis (ralred comparison) was used in this
Although this was the clasasical technique where more
than two groups were compared, multiple comparison tests now available,
such as anslysis of variance, would be more appropriate.
. overall difference is established on the basis of analysis of varlance,
.. comparisons between groups are justified.
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TABRLE JIY: COMPARISON OF PERPORMANCE SCORES WITHOUT A PACK AND WITH, ;'3'.3”_
i THREE DIFFERENT PACKS (Score in seconds) .
Mo US US  Brit o U US  Brit L
Pack Stan Exp Exp Pack Stan Exp Bxp T
c ..
”Q D -0‘07 -."2 -O“ "'70 "'o?h "'-79
Pack ¢ L.u88 3.50f L.50f 2.% 3.5 3.95
us D 005 ‘om -y ‘Qm
stlﬂ t 038 Osh 013 029 e
®
us n -.12 ‘oos )
Bxp ¢ .86 .21
m ‘-28 ho75 1‘070 ‘l& 3079 l-’bq 5-53 ’6-58 !
S 07 .08 .10 .10 A2 .27 .18 .16 )
3D -2 <2l .29 .29 .35 .80 <54 49 L s
| @
FALLING-and-GETTING-UP CHEEPING l . ';
'0 n -1019 - -071 -2.?2 -2005 -1~73 l -.‘ .‘-‘
Pack ¢ 2., % 1,05 1.18 3.70F 3.66# 2.11 NI
us D N A8 17 49 o
Stan ¢ .72 .76 13 32 e
‘B D - '003 ~32
Ep ¢ .05 .23 »
Mears 13.92 1511 W.60 .63  10.62 12.8, 12.67 12.35 A
sm -51 0100 051 069 069 1-05 -& l.u :." PR
SD 1.5 1.20 1.53 1.48 2,08 3.16 2.48 3.32 . @
D: Difference betwesn means in seconds
t: t-ratio
#* Statistically significant at .05 lewvel of confidence (minimm °
t-ratio at this level is 1.83). )
# Statistically significant at .0l level of confidence (minimum s
i t-ratio at this level is 2.82). -
v P
® i A positivs differencs indicates that the performance score for -
3 L an item listed on the left is greater than the performance ®
| score for an item listed at the top. °
A .}
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; TABLE IIT (cont.), MR- TS "i.‘"“""“
%o US US  Brit Y U US Brit S
Pack S Pack S
ROLLING CLIMBING-nd-DESCENDING et
¥o D <1.13 -1.05 -1.01 47 -62 -8 o
Pack ¢ 2.8 2.02% 2.2%% 5 G < T >
TS b} 08 12 -15 =34
Stan ¢ A 2 20 43 o
oS D Ol -.19 o N
Bp ¢t .07 2 °
¥eans 547 6.60 6.52 6.48 9.98 10.45 10.50 10.79
SEN L0 a0 .38 ML 5 60 66
So 124 1.2 L2 1.4 1.82 1.35 180 1.97
. CLIMEING DESCENTING - .
b n ] "052 -.” ‘052 oOk ‘012 -028 -- d _‘.-:;j
Pack ¢t 2.60% 2.00* 1.73 08 .2h .57 A
S D @2 o . -6 -.32 N
Stan ¢ .05 0 33 .65 S
P m n --02 -516 ".
E h t ~0‘ '33 )
s ) ] ) o
\ Means 447 499 497 L9 5.1 5.7 5.3 5.79 :
S .29 20 31 .33 34 5 TR TR 1 | S
- 5 88 59 % .9 1.02 102 102 .05 :
[ K
H D: Difference between means in seconds
’ t: t-nmatio
§ Statistically significant at ,01 level of confidence (minimum
4 t-ratio at this lsvel is 2.82). .
A. *  Statistically significant at .05 level of contidence (xinimum A
\ t-ratio at this level is 1.83).
& A positive difference indicates that the performance score for
- . an item listed on the left is greater than the performance acore
for an item listed at the top. .
o
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(1) Ammwmumﬁ.w

dng the Aritish Experimsatal pack or the U, S. Experimsmtal pack as whea

nopu:kmcu-rhd)

m w.
mwmmm

A./(hstampu'fomdmntbm:p&th-dﬁqdm

_bsé” The parformance tests included ruming, Jwmdez, falling-amd-
packs exoepty”

get Ling-wp, cresping, rolling, and climting.

_0° In each test the ene-gy expenditure was lower wen 2o pack wes
carried, hhen tho ammounts of eneryy usad in each test with sach of tie

three packs were compared, no statistically significant difference was

found,
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(2)' Qindirz was performed as rapidly while carrying the Brit-
m%mulz&sunop‘qkmcuﬂ-ﬁ )
(6)] b’»o-unum performed as repidly with any of the three -" .
pocks as without § peck, o~ "'- j_:-. .:."::’_'_-‘ w
(L) cimmdmu.nd.twwra.dnmﬁ- ''''' R
1y with agy of the tires packs as without & pack. S e
o,  Subjective evalmation showed %zt iss U, S, Standard peck ws ".'.
preferred, with the U, S. Experimental pack a clese second,

6. Conclustcus ,\

& On the bBasis of ensrgy cost and performance time of each test,
noce of the packs can be nonsidared definitely ssperior to the others,
b,  Acoarding to ths subjective rating, the U, S, Standard peck ¢ o
was the best, the U, S. Experimental peck second, and the British Ex-
third, .

M P“k
T.  Recomendations .‘
& Wt the stody of performance tests in pack evaluation be coo- T e T

D ‘hat tho mmber of subjrcts for such a stedy be increased and
tests made of longer dwration,

Ihe assistance of Mrs, L. X, Bwing, Miss D, Ring, and Mesars. O, D, .
Grebmschikoft and L, Cindido of Springfield College is gretefully ack-
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1.  Builey, T. L. and W, ¥, NcDermott, Review of ressarch on loed- ° P
m Tentage and Equipage Series, Report No, 9, TCiF Branch, OQMI, I L
2. Cd‘heu't, ) 18 Po’ D. T, mm, and ¥, C, cqml. m ~-_ ~- ...\‘ -
Advisory Comuittes Repart Ho, 3. On the mximm load to be car-

risd b’ the soldisr, Jd. Rﬂ"l w Med, w' &Bs’ w’ m’ _312. R JATRS
178) 1923. o R

3' w.’ ’., ‘h'., J.n. 'mbi.’ “c.llo muo
cost of carrying three loed distributions on a treadndll, EPB Repart Ko,
203, OQH3, Meroh 1553,

O

¢ .
-

TR I e & e e ———— e - - - -~
- - hd
-
. ° .
o .
> e e~ Ll RPN
WY VAT E Ty TR RS Y (SO PR AP 2 ag £ 0 ekl Ak dhad-ba 2 " T L W LAt ial -

A




.. ;« —
o h. n.l.’ Ce J., ¥. R, m’ ad P, ¥V, w Trmk inclins- ' ‘,.-f..._..».,._ .._:-;__.._
tion in carrying low and high packs of various waights. EPD Report No, 216, L e
0%0, Jely 153 T
S §, ————, and P, V, Karpovich, Performmee tests for the evalus- :
¥ tion of army combat packs, EP~70, QM RLE Comsmand, Oct. 1957.

i 6, FHunter, J,, md L, H, Tul, The problem of the combat load in S
xl'xg;ntg; Dafense Research Med, Lab., Report Wo, 106-1, Toronto, Can~
f a8, o 30

. 7. Lippold, A, C. J., snd P, Fo D, Naylor. The design of load-carry-
ing equipwent for the soldisr in battle, Army Operational Research Group
Report No, 11/508Orwt Britain, Oct, 1550,
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logical survey, Ministry of Supply, Directorats of Physiclogical and Rio- - k
i logical Research. Report No, 22, Great Britain, Dec, 1952.
i 9. Winsmann, ¥, R,, J. H, Vanderble, and F. Deniels, Jr. Energy
: costs of wearing armared vests and carrying pack loads on treadsill, level ‘-
k. course, and mountain slopes., EPB Repart Ko. 203, OQHD, May 1953, R L3
] 10, Zunts wnd Schuuburg. Physiclogls dem Marsches. Hersusgeber .0, ' -
g Schjerning, Verlag Asgust idirschwald, Berlin, 15Gl.
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